Human motion capture systems help clinicians to detect and identify mobility impairments, early stages of pathologies and evaluate the effectiveness of surgical or rehabilitation intervention. Although there is a considerable number of solutions presently available, these systems are often expensive, complex, difficult to wear, and uncomfortable for the patient. With the purpose of solving the formerly mentioned problems, a new wearable locomotion data capture system for gait analysis is being developed. This system will allow the measurement of several locomotion-related parameters in a practical and non-invasive way, also reusable, that can be used by patients from light to severe impairments or disabilities.
Introduction
Additionally electromyography allows assessing surface myoelectric activity (sEMG) or specified muscles activity in the lower limbs. These systems are expensive and complex, difficult to apply by healthcare staff, difficult to use and uncomfortable for the patient.
This paper presents the work under development in the ProLimb project with the objective of developing a new proposal of an autonomous, real time monitoring wearable body sensor network for human locomotion data capture. This approach is intended to be dressed by the patient, with the adequate comfort, with the purpose of acquiring several human locomotion parameters in a non-invasive way, even for people with strong impairments or disabilities.
The system involves capturing inertial and electromyographic signals of the lower limbs for long time periods involving typical movement activities under everyday living conditions. Capturing sEMG signals of muscles essential for locomotion (quadriceps femoris, biceps femoris, tibialis anterior and gastrocnemius medialis) simultaneously reveals activation patterns for different motor actions, such as stepping, walking, climbing stairs or even sitting down, and can be combined and correlated with the kinematic data to more easily expose movement abnormalities, e. g. hemiplegic, Parkinson disease, and cerebral palsy [1] .
The next section describes the body sensor network and its building blocks. The following section addresses the e-legging and its construction issues. Section 4 discusses the problem of using textile conductive yarns as paths for signal and power transmission, and the final section draws some conclusions.
E-legging Data System Description
This section briefly describes how the body sensor network is organized. The system is based on a legging with elastic properties, which allows the correct positioning of the sensors and electronics. 
Textile based sensors in the E-legging
A wearable garment meant to be comfortable implies an adequate combination of materials, compression effect and preferably with electronic components incorporated in the textile and interconnected with data and power tracks, if possible made with conductive yarns embedded in the fabrics. This solution would allow an easy to dress piece of garment, reusable and usual methods for cleaning and maintenance.
Regarding the sensors to be embedded in the E-legging, the biopotential parameters are the ones that are more successful in terms of reliability. For that reason sEMG electrodes were embedded in the knitted fabric, making use of the technology available on weft knitting. Although several yarns exist that present good electrical properties, specific physical characteristics are required in order to being used in textile production equipment : rigidity, friction and mechanical resistance. Yarns must bent easily, present a low dynamic friction coefficient, and have an acceptable mechanical resistance, since they will be submitted to high traction forces during the knitting production process.
As mentioned above, previous research [6] has shown that it is possible to measure electric potentials using electrically conductive fibers or yarns instead of conventional electrodes, being possible to measure biopotentials using dry or wet textile based electrodes.
Regarding the raw material to be used as conductive element, yarns made of pure copper present excellent electrical conductivity and are cost effective, however the resulting fabric, if possible to be produced, usually results rigid and uncomfortable. Moreover, these yarns break during production or cut the other yarns built in the surrounding structure, which constitute the support of the electrodes. Thus, these yarns may not be used directly in knitted fabric, unless they are covered with a smoother surface that at the same time offers a mechanical behavior more adjusted to weft knitting.
In order to successfully produce fabrics with conductive yarns, and particularly to build textile sensors, namely sEMG electrodes, two types presenting relatively good electrical properties have been Comparing to the signals obtained with conventional electrodes it was observed that these signals present some additional noise, which can be reduced by improving the electrode -skin contact impedance and afterwards with signal filtering. There is a similar behavior between the signal patterns obtained with conventional and textile electrodes [6] .
In order to develop a legging-like garment, with embedded electrodes and conducting tracks for all the sensor nodes, a suitable but complex design of the tracks is necessary in order to knit the yarns without crossing each other. This is where the capabilities of the production machines assume a critical importance, justifying the technology that was adopted. Our machine is capable of drawing a pattern where the conductive yarn is carefully selected to be inserted in specific places, thus guarantying that the tracks will not intersect. Other issues will then rise, like isolating the tracks. This matter shall be addressed in a next stage of this project. This version does not consider the interconnection paths between SNs, since it is under development.
Another issue of major concern is the compression. The compression is obtained by combining the raw material, the presence of elastane, the structure that is knitted, and the loop length. The compression needs to high enough to maintain the sensors in place, but not too high in order to avoid discomfort and difficulty to dress the e-legging. Studies are being conducted with the purpose of determining the proper compression to satisfy both conditions.
The interconnection paths made with conductive textile yarns
The use of conductive yarns in the interconnections raises an important issue : the higher impedance (comparing to pure copper conductors) will limit the communication frequency, and consequently the available bandwidth. The conductive yarn can be modeled as series RL impedance. It can be seen that both resistance and inductance vary with frequency, i.e. Z＝f (f)＝r (f)＋ j2πωl (f). Table 1 Nevertheless, tracks with six yarns were adopted.
The interconnections reliability raises two issues. One concerns the yarn impedance variability and the other the quality of the interface between yarn and electronics. A specific interconnections test methodology is being developed to assess the conformity of the link between two SN, and to detect signal integrity violations.
This test can be performed on-line or off-line, that is, using mission signals or dedicated pseudo-random signals, respectively [6] .
Another critical aspect concerns power management. SN may be powered by small batteries, or power may be distributed to the whole network by the CPM through the conductive yarns. In the first prototype each sensor has its own power battery, but the final objective is to have each SN harvesting power from the mesh network.
Conclusions
This paper presented a research that is being developed with the objective of proposing a e-legging for monitoring lower limb movements and help technicians to assess the severity of diseases or accidents on human locomotion. Several issues were presented like the body sensor network, which will be built using conductive yarn, the electrodes embedded in the knitted fabric, as well as the communication and energy path made with textile conductive yarn.
Generally, one can say that it is possible to transmit signal at the adequate time rate and measure muscle activity with textile based sensors. Several improvements are currently under development in order to achieve the most flexible and reliable system.
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